Tea-picking is a highly skilled activity that is usually performed by women. This study, conducted on the Balanoor Plantations, India, from 1996 to 1998, was successful in empowering 339 women pickers and their families to take iron (60 mg of elemental iron two times a week) and vitamin A (1,600 IU) once a week, and to purchase subsidized iodized salt (30 ppm) from the plantation ration shop. The average hemoglobin level of the pickers rose significantly (p < .001) from 11.0 g/dl at baseline to 11.9 g/dl at the end of the nine months of intervention. The average amount of tea per picker increased significantly (p < .001) from 22.9 to 25.6 kg. There was a significant decrease in the number of "moderate pickers," who picked between 14 and 25 kg per day, and a significant increase in the number of "good pickers," who picked more than 25 kg per day, and the earnings of the majority of the pickers increased. The management of the estate where the intervention occurred benefited from a decrease in the number of pickers needed during the supplement period from 2,857 to 2,763, with no significant change in the yield per hectare in the two years. The yield per hectare on the control estate was not significantly different from that on the intervention estate, and the average amount of tea picked per worker was the same for the two periods (20.8 and 20.7 kg).
Introduction
We have reported previously [1] on the significant reduction in the hidden hunger for iron, iodine, and vitamin A among the entire workforce of 617 persons and their families (a total of approximately 2,500 persons) on a tea estate in Chikmagalur District of Karnataka in South India after supplementation with iron, vitamin A, and iodine. The plantation employees were responsible for administering iron and vitamin A tablets to themselves and their families and for purchasing iodized salt from the plantation ration shop. This paper describes the improved productivity and earnings of the women tea pickers.
There have been many demonstrations over the last three decades of the relationship between irondeficiency anemia and the capacity for physical work [2] [3] [4] [5] [6] [7] . Basta et al. [2] observed an increase in the earnings of male rubber tappers in Indonesia of nearly 20% when they were given an iron supplement. The cost of the iron supplement at the time was 50 US cents (US$0.50) per person per year. We attempted to go beyond this by giving a multinutrient supplement of iron, iodine, and vitamin A. In 1997 the cost to the plantation management was only Rs. 12/-(US$1 = Rs. 30) per individual per year. If both cost effectiveness and easy procurement of the multinutrient supplements are taken into account, it is more likely that such projects will be scaled up to state and national levels. A central purpose of the research project from 1996 to 1998 was to persuade and empower the management and the workers themselves to continue with the intervention after our study had been phased out.
The study and control estates had excellent computerized data on crop yield, rainfall, the average amount of tea picked per worker per day, attendance, and so forth to complement our research data. Surprisingly, the tea pickers were not poor. Practically all of the women earned about Rs. 3,000 per month. The majority did not have young children and were between 30 and 50 years of age. Moreover, under the Comprehensive Labor Welfare Schemes (CLAWS) proposed by the United Planters of Southern India (UPASI), the study and control estates provide all their employees with free medical treatment, free crèche facilities, sickness ben-
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Mention of the names of firms and commercial products does not imply endorsement by the United Nations University. Tara Gopaldas and Sunder Gujral efits, free housing, paid leave, maternity benefits, family planning incentive, a reading room with newspapers, a canteen, and recreation expenses. The management of the tea plantations has a permanent workforce as well as temporary workers whom they call as needed. The temporary workers are also trained pickers and receive the same wages as the permanent workforce, but they do not get free accommodation, water, and electricity. The majority of the permanent workforce, but not the temporary workers, receive free housing (three rooms and a toilet), electricity, and piped drinking water. The management also provides its employees with a 10-bed hospital with a fully qualified doctor, head nurse, pharmacist, and head ward boy; two crèches with trained ayahs (caregivers) where the mothers can leave their children under 3 years of age and come to breastfeed their infants during two breaks; an anganwadi (preschool) for children from 3 to 6 years old, with a trained staff to look after the children; a primary school for children from 6 to 12 years old, with trained teachers; and a ration shop where rice is sold at a subsidized rate every week.
During the nine-month intervention, the management provided iodized salt at a subsidized rate. Almost all the pickers had a primary or secondary level of school education. Nevertheless, the previous study [1] found that a large proportion of them were deficient in iron, iodine, and vitamin A and had intestinal helminth infections. The overall objective of the study was to determine whether the productivity of the workers on an Indian tea estate could be improved by providing a simple, cost-effective, and sustainable micronutrient package of iron plus vitamin A and iodized salt to all the workers and their families over a nine-month intervention period.
Methods

Study design
The entire study estate workforce of 617 (pickers and nonpickers) and their families (approximately 2,500 persons) participated in the nine-month micronutrient intervention from August 1996 to April 1997. The internal control for the study was a preintervention period from August 1995 to April 1996. In addition a control estate was included for comparison. Table 1 shows the similarity of the two estates.
Micronutrient intervention
The supplement consisted of 240 mg of ferrous sulfate delivering 60 mg of elemental iron twice a week, 1,600 IU of vitamin A once a week, and heavily subsidized iodized salt (30 ppm of iodine) to be used for daily cooking for the whole family. The workers were given 250 tablets of iron and 125 capsules of vitamins A + D in screw-top plastic containers, which was enough to last a family of five persons for five months. The containers were given to the workers during the baseline survey in August 1996 and refilled in December 1996 to last another five months. The cost of the micronutrients was Rs. 61.50 per family per year or Rs. 12 per individual per year.
Information-education-communication sheet
A simple information-education-communication (IEC) sheet was developed for the dosing regimen and its potential benefits in Kannada (the major local language) and distributed to the workforce and supervisors at frequent intervals throughout the intervention period. The supervisors were responsible for transmitting this to their workers. 
Data processing and analysis Data entry and validation
The data were entered by using Foxbase and data files were created. The data were checked and validated for internal consistency. Separate files were created for attendance and pluckability data.
Tabulation and statistical analysis SPSS was used for tabulation and statistical analysis. SPSS commands were written to describe all variables and specify missing values. SPSS commands to produce tables were written and tested. SPSS commands were written to apply statistical tests (t-test, chi-square test, Pearson correlation, and analysis of variance). When the complete data set was ready, tables were constructed and statistical analysis was carried out. Differences with p < .05 were considered significant. Bar and line charts were generated by using Harvard Graphics.
Results
In the study estate, the average weight of tea leaves picked increased to 25.6 kg during the nine-month intervention period from 22.9 kg during the same ninemonth period in the previous year, with essentially no change in the composition of the work force or in the total productivity per hectare (table 2) . The average gain of 2.70 kg was highly significant (p < .001). The average weight of tea picked in the control estate did not increase. The average crop yield in the comparable periods before and during the study were 1,668 and 1,607 kg/hectare, respectively. This is extremely important to the interpretation of the data, since the amount of tea a worker can pick depends on the yield of the bushes, as well as her picking ability. Since the yields were almost identical in the two periods, it was appropriate to compare the amount picked per worker in each period. This amount increased significantly in the study estate from 22.9 kg in the preintervention period to 25.6 kg in the intervention period, while it remained stagnant at 20.80 kg (preintervention) and 20.69 kg (postintervention) in the control estate ( fig. 1) .
The Labour Law requires that a worker pick a minimum of 14 kg of tea leaves per day to be paid the minimum of Rs. 43/-per day. The management would rather pay a "good picker" (one who picks more than 25 kg per day) Rs. 8/-in addition to Rs. 43/-than employ a borderline picker at Rs. 43/-. During the preintervention period, there were 113 good pickers, who picked an average of 28.1 kg per day. Their average hemoglobin level was 11.1 g/dl. During the intervention period, the number of good pickers rose to 166, the mean amount they picked per day increased to 29.3 kg, and their mean hemoglobin level increased to 11.9 g/dl. In contrast, there were 224 "moderate pickers" (who Regular: took iron supplement twice a week, took vitamin A once a week, and used iodized salt daily in cooking. Irregular: took iron and vitamin A once a week. Stopped: stopped taking iron and vitamin A within the first week but continued to use salt in daily cooking. b. About 95% of the sample was available both before and during intervention for calculation of the amount of tea picked. Note the variation over nine months in the number of pickers and the average amount picked. ***p < .001, **p < .01, *p < .05. picked between 14 and 25 kg per day) and 3 "poor pickers" (who picked less than 14 kg per day) in the preintervention period. Their average picking rate was 19.9 kg, and their mean hemoglobin level was 11.0 g/dl. At resurvey, there were 173 moderate pickers, with a mean picking rate of 21 kg. Thus, the micronutrient intervention was successful not only in improving the mean hemoglobin levels, but also in reducing the number of moderate pickers and increasing the number of good pickers.
In the study plantation, more tea was picked by fewer workers and profitability improved. The number of pickers employed decreased substantially from January to April in the nine-month intervention period. In all, 94 fewer pickers were employed during the intervention period (2,763) than during the preintervention period (2, 857) . The cost of labor saved was Rs. 1,11,800 in the intervention period.
In the intervention period, 166 good pickers earned about Rs. 245/-per month (25 days) as an incentive over and above the mandatory wage of Rs. 1,075/-per month ( fig. 1 ). The 173 moderate workers would have earned an average of Rs. 135/-as an incentive over and above their mandatory wage. Management paid approximately Rs. 80,000/-more as an incentive wage in the intervention period than in the preintervention period. Hence, a very large number of the women (339) picked more tea and earned more money.
Management paid Rs. 43,000/-for the micronutrient supplements, but they benefited from the better health of their workforce and the higher rate of picking per worker. Hence, what management saved by employing fewer pickers, Rs. 12/-(approximately 40 US cents in 1997), more than compensated for the cost of the micronutrients for this intervention (Rs. 43,050). In other words, management more than recovered the money and time spent in implementing and managing this intervention.
Discussion
Potential confounders
Rainfall and season are important determinants of the average amount of tea picked per worker per day. In this study, the correlation coefficient (0.81) between crop yield and average tea leaves picked (kg/worker/ day) was highly significant at the .01 level. The best crop-yield months in the nine months of both the preliminary and the intervention periods were August, September, October, and November; the moderately good crop months were December and April; and the sparse months were January and February. Therefore, comparisons between the average picked per worker over nine months in different years are not valid unless the yields are the same in the two periods. Because this was the case for the two years of this study, the comparisons between the preintervention and the intervention periods can appropriately be made.
We also have monthly data for the crop yield per hectare and the average amount of tea picked per worker. Both measurements show marked monthly variations, but for most months the latter measurement is higher during the intervention year. Comparisons of groups of pickers on the same plantations can also be confounded by differences in the yield of different sectors, so it was important to include all areas and pickers in the data.
Unlike the studies cited below, in which iron supplementation improved work performance, ours was not a double-blind study, and the workers receiving the supplement knew that improved health and performance were expected. This knowledge alone could have accounted for an initial improvement by the "Hawthorne effect" (an increase in productivity by study subjects in response to the increased attention and the subtle pressure of being observed during an experimental study). However, there is no precedent for such a response to be sustained for many months unless there is also a biological basis. The improved hemoglobin values offer a biological explanation.
Signifi cance of correcting defi ciencies of iron, iodine, and vitamin A
There is proof from tea plantation-based studies in India [3] , Indonesia [2, 7] , Sri Lanka [6, 8] , and China [9] of increased productivity of anemic workers given iron and a lack of similar evidence that giving iodine or vitamin A has a similar effect. In Indonesia the iron supplementation was continued by the plantation after completion of the study and spread to other plantations [2] .
As reported above, the intervention increased labor productivity in this study, as measured by increases in the average amount of tea picked. This was associated with a significant increase in the mean hemoglobin levels of the women pickers. Pickers with hemoglobin levels of more than 12 g/dl had better monthly attendance (more than 21 days) and picked more than those whose hemoglobin levels were between 10 and 11 g/dl at resurvey [1] . We recognize that with the administration of four micronutrients, the present study cannot distinguish which are responsible for the positive results reported. However, there is extensive evidence from double-blind single-nutrient supplementation with iron alone to attribute these improvements to the iron and not the vitamin A or iodine. A 1983 study in Kerala, South India [3] , showed that iron supplementation for 100 days increased the mean hemoglobin level of anemic women tea pickers from 6.2 to 8.5 g/dl, the mean picking rate from 17 to 22 kg per worker per day, and the mean monthly attendance from 19 to 22 days. A 1990 investigation in Bombay of the effect of daily ferrous fumarate on the iron status and work capacity of women concluded that even middle-class Maharashtrian women suffering from mild to moderate iron-deficiency anemia showed significant benefits in increased work capacity and hemoglobin levels [9] .
Edgerton et al. [5, 6] in a Sri Lankan study on irondeficiency anemia and its effect on worker productivity and activity patterns among female tea pickers also established the significant relationship between iron supplementation and work capacity. The impact evaluation was done after two months (the entire duration of the study). The investigators reported that work productivity had improved in subjects even with moderate iron deficiency (hemoglobin levels of 11 g/dl). Subjects with lower hemoglobin concentrations initially experienced the greatest increase in productivity. Hussaini and co-workers [7] compared the effect of the use of iron-fortified salt (1.5 mg of iron per gram of salt) and supplementation with 60 mg of elemental iron per worker per day for four months on the productivity of anemic female tea pickers on a plantation in Indonesia. Iron supplementation with either form of iron enhanced hemoglobin status and increased the average amount of tea picked. A direct relationship between hemoglobin concentration and physical work capacity has also been established for agricultural labor in Guatemala [10] , Africa [11] , and Indonesia [2, 7] . A 1994 study in China found that iron supplementation enabled iron-deficient female cotton mill workers to do the same work at a lower energy cost [12] .
Our study was longer than the above studies and was designed to be a demonstration that would lead to sustainable action. We attempted to empower a tea plantation's management and workers to implement and manage their own micronutrient program. Sustainability was helped by the fact that all family members received the nutrient supplements and the effects on their health were evaluated. Most of the women tea pickers were responsible about dosing themselves and their families. Moreover, the plantation has continued to give the iron supplements, iodized salt, and vitamin A. On our advice, they also added deworming tablets (400 mg of albendazole) twice a year.
Increase in plantation profi tability
Another important objective of our study was to improve the earnings of the women tea pickers and the profitability of the plantation. The cost of the triple supplementation was very cheap, at Rs. 61.50/-(about US$1.23 in 2002) per family per annum, or Rs. 12/-(25 US cents) per individual (assuming that there were five individuals per family). Basta et al. [2] quoted a figure of 50 US cents for supplementation with 100 mg of elemental iron per day for 60 days/man/year in the 1970s.
We do not know the basis for management decisions, but our data show that during the intervention period 94 fewer pickers were employed to pick more tea leaves per person than in the previous year, even though the crop yield per hectare was essentially the same in the two years. This translates to a saving in wages of a little more than Rs.1,11,800.
Concluding comments
Usually, multinutrient interventions are as easy to implement as single interventions and are more cost effective [13] . Moreover, vitamin A contributes to the effectiveness of iron supplementation [14] [15] . Where these micronutrient deficiencies are common, we believe that it is good sense to deliver at least iron, iodine, and vitamin A concurrently. This study has shown that twice-weekly iron supplementation worked well. There is extensive evidence from other studies that weekly iron supplementation is as effective as daily supplementation [16] [17] [18] [19] . We chose twice weekly to help ensure that the families took the iron at least once a week. The fact that the Goddess Lakshmi (Friday) and the God Hanuman (Tuesday) are venerated in Karnataka also helped the subjects to remember to take their tablets. However, a strategy that advocates either biweekly or weekly iron supplementation, particularly in institutions such as schools or colleges or even in sectors such as industry or agriculture, is likely to be more acceptable, cheaper, and more sustainable than daily supplementation.
